The donor number (DN) is a quantitative measure of the ability of a solvent to solvate cations and Lewis acids. The method was developed by V. Gutmann in 1976 5 , and it is measured by the enthalpy change for the formation of the 1:1 adduct of the solvent with the acceptor, SbCl 5 (antimony pentachloride), in the diluent 1,2-dichloroethane. Figure S1 . Arrhenius plots of viscosity (a) and conductivity (b) for Ca(TFSI) 2 -PC based electrolytes at different salt concentrations. Figure S3 . Viscosity (a,c) and conductivity (b,d) as function of temperature for Ca(TFSI) 2 -DMF based electrolytes at different salt concentrations.
The densities for the 0.1 M electrolytes do not change drastically for the different salts. Both CaSO 4 and Ca(THMD) 2 reach their concentration limit in PC much below 0.1 M and therefore these electrolytes' densities do not differ much from pure PC. Amongst the four other salts, the Ca(TFSI) 2 electrolytes has the higher density, attributed to its higher molecular weight, and the density of 0.1 M Ca(TFSI) 2 in different solvents follows as expected the density trend of the pure solvents. When the ionicity of a solution increases, the representative line on the Walden diagram is closer to the ideal line. Hence, the ionicity of the PC based electrolytes increases following the order: Ca(TMHD) 2  CaSO 4 < Ca(FOD) 2 < Ca(Tf) 2 < Ca(BF 4 ) 2  Ca(TFSI) 2 . As shown in figure S6 , the Ca(BF 4 ) 2 and Ca(TFSI) 2 electrolytes have the highest ionicities and the Ca(TMHD) 2 and CaSO 4 electrolytes the lowest.
For all the electrolytes, the experimental viscosity and conductivity data are fitted by the VTF equation [6] [7] [8] :
where A 0 , B and T 0 are adjustable parameters which can be determined using the least-squares method: A 0 is a pre-exponential factor related to the number of charge carriers, B is a factor related to the apparent activation energy and T 0 indicates a temperature at which the free volume and mobility is reduced to zero 9 . 4 The fitting parameters for eq. 1 are presented in tables S3-S5, and the solid lines in figure 1 represent the profiles from the VTF equation. In general, from the VTF parameters, both the activation energy (E a ) and vanishing mobility temperature (T 0 ) have common values for all the Ca-salts and PC based electrolytes (tables S2 and S4), indicating that they are controlled by the same fundamental ion conduction process even as the temperature varies. However, it is very hard to discern trends in E a , and especially in T 0 , with changes in the solvent (table S3 ). The ideal glass transition temperatures T 0 for viscosity and conductivity obtained from fits of data will, however, in general differ, as the latter contains a larger contribution from temperature-dependent ion-ion association, which also affects B (figure 5). The maximum conductivity is achieved in the electrolytes with minimum values of E a, , and here is reached for concentrations between 0.42 and 0.57 M (Fig S5) . S8 Figure S9 . Evolution of the cation solvation number as function of salt concentration for Ca(TFSI) 2 and Ca(BF 4 ) 2 in EC. Figure S10 . Deconvoluted Raman spectra of 0.7, 0.9, 1.2 and 1.5 M Ca(TFSI) 2 in EC.
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